To determine the efficacy of embolization with super-selective catheterization of the internal iliac arterial branches to treat heavily injured trauma patients with pelvic arterial bleeding. Materials and Methods: A retrospective analysis was performed using the medical records of 37 patients who underwent trans-arterial embolization for trauma-associated pelvic arterial hemorrhage in a regional trauma center between July 2010 and July 2013. In each patient, hemodynamic stability, embolization level, elapsed time for trans-arterial embolization, clinical outcome and embolization-related complications were evaluated. Comparison of elapsed time, and presence of complication was done according to embolization level. Results: Transarterial embolization was conducted in 37 patients. Hemodynamic stability of each patient was classified into hemodynamic stable (n = 9), and unstable (n = 28). Twenty-nine of 37 patients underwent embolization after super-selective catheterization of more than 2nd order branch of internal iliac artery with a microcatheter, and 8 patients underwent proximal internal iliac artery embolization without super-selective catheterization. The mean elapsed procedure time for super-selective embolization (34.76 ± 20.0 minutes) was not significantly longer than proximal internal iliac artery embolization (33.87 ± 16.73 minutes, p = 0.215). Conclusion: Pelvic arterial embolization with super-selective catheterization is a safe and feasible treatment for heavily injured patients with trauma-associated pelvic arterial bleeding.
INTRODUCTION
Transcatheter arterial embolization (TAE) has become an accepted treatment modality for trauma-associated active arterial bleeding in various organs, because it can rapidly treat not only single arterial bleeding but also multiple and anatomically distant bleeding sites from a single arterial access (1) . Currently, despite ongoing debates, TAE for bleeding pelvic trauma in hemodynamically unstable patients is regarded as a fundamental treatment option with open surgery, like pelvic packing (1) (2) (3) (4) . Notably, according to the Eastern Association for Surgery's pelvic trauma guideline, emergent pelvic angiography and embolization in patients with unstable hemodynamic status has the highest level of recommendation (5) .
Although TAE is one of the most useful modalities for con- ma, it may be associated with various complications, including puncture site hematoma, impotence, iliofemoral embolization, paraparesis, and ischemic necrosis of the bladder wall, gluteal skin, femoral head, gluteal muscle, and colon (6) (7) (8) (9) (10) (11) (12) (13) . Super-selective catheterization of injured vessels may be a good option for avoiding complications related to TAE, because the blood flow to adjacent structures can be maintained by selectively embolizing only the injured vessel. However, super-selective catheterization of injured vessel is regarded as a time-consuming step and may therefore be unreasonable to perform in patients with unstable hemodynamics due to massive bleeding (6) . In this retrospective study, we aimed to determine whether re-evaluation of TAE after super-selective catheterization is necessary for treatment of life-threatening pelvic hemorrhage after trauma. In addition, we evaluated the possibility of super-selective embolization in patients showing unstable hemodynamics after severe pelvic trauma.
MATERIALS AND METHODS
A total of 37 patients (mean age, 59.8 years; male:female ratio, 12:25) visited our trauma center with arterial hemorrhage after pelvic bone fracture and underwent angiography and embolization between July 2010 and July 2013. For each patient who underwent angiography and embolization, medical records were reviewed to assess the following clinical and hemodynamic parameters: age; sex; elapsed time for embolization; hemoglobin concentration at the time of the first presentation and just before embolization; systolic blood pressure at the time of the first presentation and before embolization; amount of blood transfused (total amount of packed red blood cells); and the amount of fluids administered intravenously.
Hemodynamic stability for each patient was assessed according to a modified hemodynamic instability score as proposed in 2008 by the Western Trauma Association (14) . Systolic blood pressure < 90 mm Hg defined as significant hypotension and a heart rate > 130 beat per minute defined as serious tachycardia was based on the recently published guidelines for shock resuscitation developed by the National Institutes of Health-sponsored Glue Grant consortium (15) . Based on this scoring system, patients were categorized as stable patients (grades 0, 1, and 2) or unstable patients (grades 3, 4, and 5). Comparison of measured injury severity score (ISS) was done in all patients for evaluation of severity. The ISS is an anatomical scoring system that provides an overall score for patients with multiple injuries.
Each injury is assigned an Abbreviated Injury Scale (AIS) and is allocated to 1 of 6 body regions (head, face, chest, abdominal or pelvic contents, extremities or pelvic girdle, external). AIS is an anatomical scoring system in which injuries are ranked on a scale of 1 to 6, with 1 as minor, 5 critical, and 6 a currently untreatable injury. The AIS score of 3 most severely injured body regions is squared and summed to produce the ISS score. 
RESULTS
The medical records of all patients who underwent TAE for trauma associated pelvic hemorrhage, were summarized in Table 1 .
Hemodynamic Status
According to the modified hemodynamic instability score as proposed by the Western Trauma Association in 2008, 9 patients were classified as hemodynamically stable and 28 were classified as hemodynamically unstable ( 
CTA Results
Thirty-three of 37 patients who underwent pre-embolization CTA, showed obvious extravasation. Despite the absence of extravasation at CTA, angiography and subsequent embolization was performed in 4 patients for the following reasons: extensive hematoma and hemoretroperitoneum around pelvic bone fracture (n = 2), continued decrease in hemoglobin level even after transfusion in pelvic bone fracture patient (n = 1), and priapism after trauma (n = 1).
Level of Embolization
Forty-eight arterial branches were embolized in the 37 enrolled patients. In 8 patients, TAE was performed in > 2 arterial branches. Among the 37 patients, 29 were embolized after super-selective catheterization of a more than 2nd order branch of the internal iliac artery (Fig. 1) . The remaining 8 patients were embolized at the proximal internal iliac artery (n = 7) and at a 1st order branch of the internal iliac artery (n = 1) (Fig. 2) . Immediate hemostasis was achieved in all patients regardless of the level of embolization, and the technical success rate was 100% for transarterial embolization for the treatment of trauma-associated pelvic arterial bleeding. Embolized arteries were listed in Table 3 .
Elapsed Procedure Time for TAE
Elapsed procedure time in each patient was shown in Table 1 .
The mean elapsed procedure time between the first angiogra- Table 4 .
In addition, binary logistic regression test showed that the elapsed procedure time for super-selective catheterization did not influence the mortality rate for patients with unstable hemodynamics (p = 0.077; odds ratio, 1.046).
Clinical Outcomes
The in-hospital mortality rate was 24.3%; i.e., 9 patients died after TAE; and all mortality cases were hemodynamically unstable. Causes of death were as follows: combined brain injury (n = 4), combined multiorgan injury (n = 2), disseminated intravascular coagulopathy after bleeding and transfusion (n = 1), hypovolemic shock (n = 1), and pulmonary thromboembolism after sustained bed rest after 1 month (n = 1). Causes of in-hospital mortality according to level of embolization were listed in Table 5 . A complication that was possibly related to emboliza- A. Initial pelvic angiography shows multifocal hemorrhages from the bilateral internal iliac artery branches (arrows). B. Angiogram obtained after embolization of the proximal internal iliac artery shows complete exclusion of bleeding site. This patient did not survive after embolization due to complications from a combined hypoxic brain injury. toneal hemorrhage resulting from pelvic fracture is difficult to control, and mortality remains high (2, 3, 9) .
A B
TAE is now accepted as a good treatment method for trauma patients with pelvic bleeding (1-6, 16, 17) . The interventional radiologist is required to balance the need for rapid treatment and embolization of the actual bleeding vessel super-selectively, which could be a time-consuming task.
Several reports have indicated the complications related to proximal embolization, without super-selective catheterization, of the internal iliac artery for trauma patients (6) . Gluteal muscle necrosis after proximal embolization at the internal iliac artery level is most frequently reported, and its estimated incidence is about 6% (7, 8, (10) (11) (12) (13) . Surgical wound break down (12), pelvic organ infarction, including colon, ileum, ureter, and rectum (7, 9) , and neurologic complications, such as lower limb paresis, sacral plexus palsy, and sciatic palsy (9) , have also been reported. Such complications could require additional surgical procedures, longer hospitalization, and lead to unexpected results, thus negatively impacting the trauma patient's outcome.
In our series, 1 patient who underwent bilateral proximal internal iliac artery embolization experienced weak urine stream after treatment. There were no complications related to embolization after super-selective catheterization.
Currently, multi-detector CTA facilitates rapid and exact image diagnosis for trauma patients (18) (19) (20) . Recently developed technically advanced angiography machines equipped with high-resolution digital flat panel detectors are now widely used.
As a result, initial evaluation for trauma patients more accurately detects the injured vessel, even in hemodynamically unstable patients. Particularly, overlay imaging techniques with high quality images make it possible to have more rapid guidewire negotiation and catheterization toward the injured vessel in the complex pelvic vasculature. In our series, the injured vessel was catheterized super-selectively, under overlay imaging guidance in 29 patients. Although the procedure time for superselective catheterization can be slightly longer than for proximal embolization, the elapsed time for the procedures were not sig-
There were 2 interesting results from our analysis of 28 patients who presented with unstable hemodynamics. First, there were no significant differences in elapsed procedure time, between the patient undergoing super-selective embolization distal to a 2nd order internal iliac artery branch and the patients undergoing proximal embolization. Second, binary logistic regression analysis for the mortality of patients with unstable hemodynamics revealed that there was no significant correlation with elapsed procedure time. These findings suggest that super- selective TAE for pelvic hemorrhage is not a time consuming procedure and can be done as rapidly as proximal embolization, without lowering the survival rate for trauma victims. In our experience, proximal embolization requires the use of more embolic agents, such as gelfoam slurry, and more time to occlude the vessel, as compared to embolization after super-selective catheterization of the injured vessel.
Our retrospective study had some limitations for comparing the 2 procedures, including the small number of patients and the inability to randomize treatments due to the characteristics of the trauma patients.
In conclusion, TAE after super-selective catheterization for patients with pelvic hemorrhage after multifocal pelvic trauma did not significantly increase procedure time, even in patients with unstable hemodynamics. Super-selective TAE for unstable patients showed no negative effect on mortality or ischemic complications related to proximal internal iliac artery embolization. Thus, super-selective TAE for pelvic arterial hemorrhage is a feasible and safe method for controlling bleeding for both hemodynamically stable and unstable patients.
